The need to understand the fabric of relationships that are building up on the World Wide Web calls for the application of tools that allow one to extract the underlying knowledge. Some of the most interesting relationships are those that are brought to light by co-linking analysis (the Web analogue of cocitation analysis). We here propose such an analysis based on the co-links that are generated within a closed web environment, using multivariate statistics (Principal Component Analysis, and Multidimensional Scaling) and a connection-based technique (Kohonen's SelfOrganizing Maps). An application was made to a generic thematic environment, and the underlying relationships and structures were manifest in the interpretation of the results.
Introduction
The citation analysis of scientific publications is a complex process that studies the relationship between the citations/references (PRICE, 1970) and the participating elements -citors/citees. These citation networks, defined by FUJIGAKI (1998) as selfconstructing or autopoietic systems formed by chains of citations in which each element of the chain produces the next, have become a fundamental instrument in studying the consumption of scientific information and detecting which authors, articles, and journals have the greatest impact on the scientific community (LÓPEZ-LÓPEZ, 1996) . One of the most consolidated techniques in this field is cocitation analysis. This studies the relationships and frequencies of pairs of documents that are cited conjointly by subsequent documents ( VAN RAAN, 1991) . The objective is simply to discover the intellectual structure of the given discipline (MILMAN, 1994) , starting from the premise that the more often two documents appear cited conjointly, the more likely it is that their content is related (MOYA-ANEGÓN et al., 1998) . The procedure was proposed independently in 1973 by MARSHAKOVA (1973) in the USSR and SMALL (1973) in the USA (GARFIELD, 1998) , and subsequently developed further by SMALL & SWEENEY Scientometrics 58 (2003) (1985) . It is applicable not only to documents but also to journals and authors (WHITE, 1981; 1983; WHITE & GRIFFITH, 1981; WHITE & MCCAIN, 1997; ; VAN DER BESSELAAR & LEYDESDORFF, 1997; PERSSON, 1994; MOYA-ANEGÓN et al., 1998; DING et al., 2000) .
A number of studies have looked at analogues of the citation analysis of printed scientific publications with the aim of revealing the fabric of relationships that are establishing themselves on Internet, and, more specifically, on the World Wide Web. To this end, they take the inlinks ("sitations") and the outlinks of "web spaces" (SMITH, 1999) to be the respective analogues of citations-to and references in traditional scientific publications. This analogy has met with opposing opinions in the literature, with examples in favour (MCKIERNAN, 1996; LARSON, 1996; ALMIND & INGWERSEN, 1997; BOUDOURIDES et al., 1999; VREELAND, 2000; BJÖRNEBORN & INGWERSEN, 2001; CRONIN, 2001; CHU et al., 2002) and against (EGGHE, 2000; HARTER & FORD, 2000; KIM, 2000 ; VAN RAAN, 2001 ). Some workers, such as ROUSSEAU (1997) , take an intermediate standpoint, considering that the study of citations on the Web -websiting -although conceptually equivalent to that of traditional citations, has a slightly different sense because the motivation behind links and journal citations is not the same.
Some of these works have centred specifically on co-linking analysis, i.e., on the study of the relationships and frequencies of pairs of web spaces which are linked to conjointly by other web spaces. For example, one of the first co-linking studies was that of LARSON (1996) which applied multivariate statistical techniques to reveal the intellectual structure of the Web with respect to content relating to Geographical Information Systems, Earth Sciences, and Satellite-borne Detection Systems. Some years later, BOUDOURIDES et al. (1999) investigated the relationship between the institutions participating in the Project SOEIS (Self-Organization of the European Information Society) by studying the co-links amongst 10 web servers at the subdomain level. Another co-linking study is that of CHU et al. (2002) , analysing the web sites of 53 Library and Information Science Schools accredited by the American Library Association (ALA).
The hypothesis of the present work is that it is possible to study the behaviour of the web spaces in a closed generic thematic environment (represented by the case of the Spanish Region of Extremadura) from the co-links that are generated within that environment. The analytical process that was followed lies within the framework of Web data mining, using techniques of multivariate statistics (Principal Component Analysis, PCA, and Multidimensional Scaling, MDS) and the topological organization generated by Kohonen's Self-Organizing Maps, SOMs, to determine the structure of the relationships between the web spaces.
Material and method
The study population consisted of 1180 web spaces which had a connection to the Extremadura Region in common. We generated the population as follows: We first looked for a source that offered web spaces specializing in Extremadura from which we could retrieve further web spaces on the topic by following the outlinks. Taking as the principal evaluation criterion the "authority" of the source, our choice was "Extremadura on Internet", the web server of the Junta of Extremadura (the supreme official organism in the Autonomous Community) which compiles URLs of and about the Region of Extremadura (http://www.juntaex.es/todoweb). This "Extremadura on Internet" compilation consists of three categories of URL -web sites, web pages including personal pages, and sets of web pages lodged on other servers. For their retrieval, we considered the three categories conjointly under the generic term of "web spaces" from or about Extremadura.
Applying co-linking analysis to this population of web spaces, we found 767 of them to be co-linked within the population, and generated a co-linkage matrix whose cells contain the number of times that the two web sites corresponding to the row and the column appear as co-links. This raw data matrix (without normalization) was subjected to PCA to reduce the dimension of the problem and allow MDS to be applied. We characterized and labeled the factors according to their associated web spaces, and represented the relationships amongst the factors using MDS and the relationships between the factors and the Extremadura web spaces by means of SOMs.
Principal Component Analysis (PCA)
Factorial analysis techniques use a strategy of "informational parsimony" that allows one to identify a small number of factors that explain most of the variance observed in a greater number of variables (HERRERO-SOLANA, 2000) . One of the most widely used techniques is Principal Component Analysis (PCA) whose basic premise is that the best way to represent the linear relationship between two variables is by means of a straight line regression. The first factors (with the greatest eigenvalues) already explain a major percentage of the variance, while the last factors generally explain very little of the variance so that they can be discarded without the risk of losing much information. In the present case, 72 factors were found in the co-linkage matrix, explaining a total variance of 95.98%. We then selected only the factors that by Scientometrics 58 (2003) themselves explained more than 1% of the variance -the useful factors (GARCÍA-SANTIAGO, 2001; ) -which together explained 77.32% of the variance.
In a co-linking analysis, one will obtain a loading for each web space in each factor, and the factors can then be characterized or labeled according to which web spaces contribute the greatest loading in each case. In the present analysis, we considered loadings greater than 0.7 to be significant (GARCÍA-SANTIAGO, 2001; .
Multidimensional Scaling (MDS)
In order to extract more information from the factors found by the co-linking PCA, we determined the factor correlation matrix (a symmetric matrix with dimension equal to the number of useful factors) from the matrix of loadings of the web spaces in the useful factors. We then applied the MDS technique to that matrix.
This technique is used to represent variables or objects in a lower dimensional space while striving to maintain distances or similarities. The value of the stress is used as the measure of the degree of fit between the observed and calculated similarities or distances (HERRERO-SOLANA, 2000) .
Examples of the application of the aforementioned techniques of multivariate statistics -Factorial Analysis and MDS -to discovering the relationships among web spaces are to be found in the work of LARSON (1996) 
The Kohonen Self-Organizing Map (SOM)
We also used the topological organization generated by the Kohonen SOMs to analyse the relationships between the web spaces of our population and the factors found in the co-linking PCA, taking into account that the SOM, unlike the MDS, better represents proximity relationships than structural relationships. This type of neural network (KOHONEN, 1982; 1989; 1990; 1995; KOHONEN et al., 1999) has often been used for data mining.
The most characteristic feature of this type of network is a competitive layer which classifies (clusters) the training inputs. The main difference with other competitive layers is that each neuron exerts an influence on its neighbours which decreases with increasing distance from them. This has a biological basis, as has been found for certain primates (HILERA & MARTÍNEZ, 1995) . As a consequence, a bubble of activity is 627 formed in the layer by all those units which are close to the winner. These neighbouring units participate in the corresponding reinforcement of the learning. A result of this in the Kohonen self-organizing maps (unlike other competitive layers) is that units of the hidden layer which are physically close respond to input vectors which are equally close. These neurons are usually arranged in a two-dimensional array. Since at times the only thing which is of interest is the clustering performed by the hidden layer, the whole set of training vectors is selected only to see the resulting topological organization.
The algorithm which the neurons put into practice may be summarized in the following steps:
• Select as winning node (represented by a weight vector with the same dimension as the input) that closest to the presented vector.
• Adjust the weight vectors of the winning node and of those corresponding to its neighbourhood by shifting them towards the input vector (in some cases the reinforcement is the same for the whole neighbourhood, and in others it decreases as the distance to the winner increases).
This type of network has recently been used for text data mining , and in particular to generate topological maps of a set of documents, including labeling the zones of influence of each word or term (MOYA-ANEGÓN et al., 1998; MOYA-ANEGÓN et al., 1999; CHEN et al., 1998; GUERRERO-BOTE, 1997; GUERRERO-BOTE & MOYA-ANEGÓN, 2001 ; GUERRERO-BOTE et al., 2002a; 2002b; LIN, 1997; KOHONEN et al., 1999; KASKI, 1999; .
Results and discussion
After applying the PCA to our (767 x 767) co-linkage matrix, we obtained 72 factors explaining 95.98% of the variance. Table 1 lists the 10 factors that we considered useful (those that explain a variance of at least 1%). Their accumulated percentage of explained variance was 77.32%.
As we indicated above, in characterizing the useful factors we only considered web spaces with loadings greater than 0.7. Table 2 lists the labels which in a summarized form characterize each of the 10 factors with variance greater than 1%. 
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One observes that PCA is a type of analysis that brings out many facets of the data. For instance, the factors 1 "Local companies", 2 "Personal pages / Local information", and 5 "Trujillo" represent different aspects of the "local environment". Likewise, the factors 1 "Local companies", 8 "Tourism in Cáceres province" (which to a great degree represents the tourist industry), and 10 "Business groups and support for businesses in Badajoz province" represent the "business environment". The interpretation of these factors is that there are two main characteristics of the web spaces forming the backbone of co-linking in this sample: (1) that their ambit is mainly local, and (2) that they belong to the business sector or to institutions of an official nature.
We applied the MDS technique to the correlation matrix of the 10 factors. The results are shown in Figure 1 , and correspond to a stress of 0.09. In the interpretation, we followed the four basic elements proposed by WHITE & GRIFFITH (1981) :
Centre / periphery. The factors with the greatest variance occupy the periphery of the map, coinciding with the four cardinal points of a geographical map: factor 2 "Personal pages / Local information" (North); factor 3 "Junta (Regional Government) of Extremadura" (South); factor 1 "Local companies" (East); and factor 4 "Education and culture" (West). These peripheral factors have loading patterns that most differ from the rest, and are hence less related to them. This is because there were many web spaces that have a very high loading in these factors, and thus a very low loading in the remainder, and indeed this effect disappears as one moves to factors with a smaller variance.
Clustering. In the general picture given by Figure 1 , there appear two clusters of factors: on the one hand, those whose web spaces with the greatest loadings correspond to educational and cultural web sites unrelated to the Junta of Extremadura (factors 7 "University of Extremadura", 9 "Institutions of official organisms unrelated to the Junta de Extremadura", and 4 "Education and culture"), and on the other, those whose web sites with the greatest loadings correspond to business and tourism activities (factors 3 "Junta (Regional Government) of Extremadura", 6 "Regional, national, and international relations", 10 "Business groups and support for businesses in Badajoz province", 8 "Tourism in Cáceres province", and 5 "Trujillo"). This fact indicates that in both cases, the factors in a given cluster have similar loading patterns. On the contrary, factors 1 "Local companies" and 2 "Personal pages / Local information" are not clustered with the rest, indicating that these factors, whose web spaces with the greatest loadings are more local in nature, seem not to share the same loading pattern with any cluster.
Scientometrics 58 (2003) Identification of the axes. Neither of the dimensions of the representation are symmetric along their corresponding axes. The horizontal dimension runs from factor 4 "Education and culture", past the factors that correspond to web spaces unrelated to the Junta of Extremadura (factors 9 "Institutions of official organisms unrelated to the Junta de Extremadura" and 7 "University of Extremadura"), past those characterized by tourism and business relations (factors 8 "Tourism in Cáceres province", 6 "Regional, national, and international relations", 10 "Business groups and support for businesses in Badajoz province", 3 "Junta (Regional Government) of Extremadura", and 5 "Trujillo"), past the personal pages (factor 2 "Personal pages / Local information"), to end at factor 1 "Local companies" which is very distant from the rest. The second dimension runs from factor 3 "Junta (Regional Government) of Extremadura", past factor 1 which is very distant from the rest, factors 6 and 10 which are very close together, then factors 8, 7, 9, 4, and 5, to end at factor 2 which is considerably separated from the rest.
Relationships between nearby elements. The nearest factors in the MDS are those which most resemble each other. This affinity is due to their appearing together in some web spaces. This is the case with factors 6 "Regional, national, and international relations" and 10 "Business groups and support for businesses in Badajoz province" which are extremely close together. On the contrary, factor 2 "Personal pages / Local information" and, above all, factor 1 "Local companies" have no nearby elements, which is the very reason that they are located on the periphery. Figure 2 is a three-dimensional plot of the 10 co-linking factors. While the 3D representation is more complex, it does offer a little more fidelity by reducing the stress (0.05). The correct interpretation of this type of structure requires all the possible orientations of the model to be displayed, not just a single facet captured on paper. Although the drop lines for each point give an idea of the spatial distribution of the elements, the true capacity of the representation is revealed when it is analysed through a dynamic, virtual reality type of interface. To obtain the topological organization of the SOM, we used a neural network with a hexagonal topology of 30 x 50 neurons that we presented with the web spaces represented by 10-dimensional vectors whose components corresponded to the loadings in each of the useful factors. Figure 3 shows a representation of the topology of the network after the training procedure. Each hexagon with a dot inside represents a neuron. Training was carried out in two phases: (i) 1000 cycles, 0.05 learning rate, and 40 for the initial neighbourhood parameter progressively reduced to 1 over the course of the 1000 cycles; (ii) 10 000 cycles, 0.02 learning rate, and 10 for the initial neighbourhood parameter again progressively reduced to 1 over the course of the 10 000 cycles. In this type of representation, the shading represents the distances between the weight vectors of neighbouring neurons, i.e., between the centroids of the clusters to which the said neurons give rise. Thus, the distances, and therefore the colours, are an indication of the Scientometrics 58 (2003) closeness of the web spaces (classified in the corresponding neurons) as determined by the factors. To use a geographical metaphor, the light colours indicate valleys in which cities (neurons) with large populations are better communicated and hence more closely related, while the dark colours indicate mountain ranges that constitute zones of isolation with small scattered populations .
Ten unit vectors were generated corresponding to the 10 factors (all the components of these vectors are set to zero except that corresponding to the given factor which is set equal to unity). These vectors were used, on the one hand, to determine the winning neuron for each factor, i.e., the neuron whose weight vector is closest to the factor's unit vector (as is shown in the figure) , and, on the other, to find the factor closest to each neuron's weight vector so that the set of all neurons corresponding in this sense to a given factor determines the factor's zone of influence, represented in Figure 1 by separation lines.
Thus, by means of the network we were able to classify all the Extremadura web spaces that were linked to onto the nodes of a hexagonal grid. In this type of representation, the shading represents the distances between the weight vectors of neighbouring neurons, i.e., between the centroids of the clusters to which the said neurons give rise. Thus, the distances, and therefore the colours, are an indication of the closeness of the web spaces (classified in the corresponding neurons) as determined by the factors. To use a geographical metaphor, the light colours indicate valleys in which cities (neurons) with large populations are better communicated and hence more closely related, while the dark colours indicate mountain ranges that constitute zones of isolation with small scattered populations .
One sees in Figure 3 that the 10 factors each have a zone of influence in which are classified the web spaces that have the greatest loading in that factor. The existence of a dominant zone for all the factors means that there are web spaces whose principal factor is the one indicated and that there are no others more relevant. The size of these zones represents the amplitude of the factor, i.e., the different types of patterns of web spaces whose principal factor is the same.
Certain factors -10 "Business groups and support for businesses in Badajoz province", 7 "University of Extremadura", 9 "Institutions of official organisms unrelated to the Junta de Extremadura", 8 "Tourism in Cáceres province", and 5 "Trujillo" -have a zone of influence with no valley, located on a plateau between the factors they are most closely related to. The large valleys are mainly associated to the factors with the greatest variances -factor 1 "Local companies", 3 "Junta (Regional Government) of Extremadura", 4 "Education and culture", and 2 "Personal pages / Local information".
Some zones of influence have more than one associated valley (F1 and F4), indicating that they contain different subgroups distinguished from each other with respect to their co-linking behaviour. With respect to factor 1, one first observes two valleys with an almost imperceptible plateau separating them. The valley next to factor 3 "Junta (Regional Government) of Extremadura" includes the web spaces that present the greatest loadings in factor 1 and that are more related to local Extremadura companies, and the valley separated by a dark zone from factor 6 "Regional, national, and international relations" includes the web spaces focused more on some town in particular. A third valley of factor 1 borders factor 2 "Personal pages/Local information", and it includes web spaces that come under a variety of labels (personal pages, local business information, or education related). In the case of factor 4, one finds a lighter zone (valley) that includes the web spaces that obtained the greatest loadings in that factor, characterized by their relationship with Education and culture in the strict sense. (Even though this valley is fairly deeply enclosed, being isolated from its neighbours by mountainous zones, there is a somewhat lighter border with factor 7 "University of Extremadura".) The other valley of factor 4 is occupied by web spaces that are related more to tourism and is relatively easily communicated to the neighbouring zones with which indeed it shares a certain affinity (factors 2 "Personal pages / Local information" and 8 "Tourism in Cáceres province").
The general overall impression is that the figure is dominated by dark areas, and that the limits between the different winning zones of the factors are mainly marked by mountainous zones which in some cases are very pronounced, as between factor 6 "Regional, national, and international relations" and some of its neighbouring zones -F1 "Local companies" and F3 "Junta (Regional Government) of Extremadura". This indicates that the zone is very closed, isolated from the rest, and hence that the colinking patterns of web spaces of different zones are quite distinct. Despite this generalized difference in co-linking between the factors, it is nonetheless possible to find certain relationships.
In Figure 3 , one encounters certain interesting neighbourhoods that were not reflected in the MDS. While this may at first sight appear confusing, the reason is that in the MDS the factors were represented on the basis of the loadings of the different web spaces, whereas in the SOM the web spaces were classified on the basis of their loading patterns, independently of the subsequent labeling of the different factor winning zones in which the web spaces that have that zone's factor as their principal factor are classified. Such is the case of factor 4 "Education and culture" that occupied an outlying position in the MDS representation, but is now in the centre of the network. This indicates that the web spaces whose principal loading is in this factor have some Scientometrics 58 (2003) relationship with the zones of all the other factors except factors 5 "Trujillo" (although this is separated by just a single neuron of a very light shade) and 3 "Junta (Regional Government) of Extremadura". Indeed, these two factors (F3 and F5) appear in peripheral areas of the network.
Factor 1 "Local companies" was isolated in the MDS, but in the SOM borders factors 3 "Junta (Regional Government) of Extremadura", 6 "Regional, national, and international relations", 4 "Education and culture", and 2 "Personal pages/Local information". It is mainly related to the last two, since the corresponding frontiers are somewhat lighter. Unlike what one might have expected beforehand, this relationship has to be interpreted as meaning that web spaces belonging to local Extremadura companies have a co-linking behaviour that is similar to those of "Education and culture", since the frontier with this latter factor (F4) is wider.
Factors 6 "Regional, national, and international relations" and 10 "Business groups and support for businesses in Badajoz province" maintain their strong interrelationship, since they border each other in the SOM and are not separated by a mountainous zone.
This type of network also allows one to place the web spaces of our population on the grid together with the factors. In the case of Figure 3 , the web spaces shown are the top 200 ranked by a measure of quality (calculated as a weighted sum of formal indicators of quality plus a logarithmic size factor (FABA-PÉREZ, 2003)). One sees that these web spaces are mainly distributed amongst the factors associated with large valleys, i.e., factors 1 "Local companies", 2 "Personal pages/Local information", 3 "Junta (Regional Government) of Extremadura", and 4 "Education and culture". Factors which are characterized by very specific labels (i.e., factors 5 "Trujillo" and 8 "Tourism in Cáceres province") include none of these top-ranked web spaces. Factor 10 "Business groups and support for businesses in Badajoz province" contains only one of the 200 web spaces: nevertheless, that web space corresponds to one of the top positions (rank 17). Figure 4 shows the same Kohonen network as in the previous figure but now with the 1180 web spaces of the population represented by their rank according to the aforementioned quality measure. One observes that, although the distribution is very similar to the previous case (i.e., the factors whose zones of influence include most web spaces are those with the greatest percentages of variance explained), there are factors which were empty or nearly empty in Figure 3 and now include a considerable number of web spaces that were not ranked in the top 200.
Conclusion
We have confirmed that, with the techniques applied in the present work, it is possible to discover the co-linking relationships that establish themselves in a closed web environment. With the PCA, we were able to find the principal factors involved in the co-links of the Extremadura web spaces, with the MDS to visualize the relationships between these factors, and with the SOM to organize topologically the Region's web spaces including the labeling of each factor's winning zone.
The picture of the behaviour of the Extremadura web spaces given by the MDS and SOM representations led us to draw three main conclusions:
1. There exist two main characteristics common to co-linking in the Extremadura web spaces: (i) the (principally local) ambit of those web spaces, and (ii) that they belong to the business sector or to institutions of an official nature. 2. The Extremadura web spaces of a local nature (which are very numerous, since this environment is markedly rural) do not share similar co-linking patterns. This implies that the view that the rest of the Extremadura web community has of the local web spaces is not at all homogeneous. 3. On the contrary, the web spaces related to "Education and culture" or to business activities do share similar co-linking patterns. This implies that the view that the rest of the community has of these research and regional economic development focused web spaces is fairly homogeneous, i.e., they offer an image of coherence that facilitates the identification of and access to their content. 
